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Thin metal ring for metal belt type nonstep variable-speed transmission 



(57) Thin metal rings for a nonstep variable-speed 
transmission including a drive pulley and a driven pulley 
having variable effective diameters to change speed 
change ratio. The thin metal rings are layered to form 
layered ring structures, a plurality of blocks are arranged 
along and supported on the layered ring structures to 
form an ondless metal belt, and the endless metal belt 
is extended between the drive and the driven pulley. A 
radially inner edge at the intersection of the outer side 
surface and the inner circumference of the innermost 
thin metal ring among the thin metal rings Is rounded in 
a round edge of a radius R of curvature. The radius R 
of curvature is determined so that a maximum total 
round edge stress obtained by adding up a contact 



stress induced in the round edge of the innermost thin 
metal ring In contact with the side surface of the pulley 
groove, a stress induced in the round edge by a tensile 
force exerted on the innermost thin metal ring, and a 
bending stress Induced in the round edge of the inner- 
most thin metal ring when the Innermost thin metaJ ring 
is bent is equal to or smaller than a maximum inner cir- 
cumference total stress obtained by adding up a contact 
stress induced in a part contiguous with the inner cir- 
cumference of the innermost thin metal ring in contact 
with an edge of the block, a stress induced in the part 
contiguous with the inner circumference of the inner- 
most thin metal ring and a bending stress induced in the 
part contiguous with the inner circumference of the in- 
nermost thin metal ring. 
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Description 

BACKGROUND OF THE INVENTION 
' Field of the Invention 



[00011 The present invention relates to a thin metal ring for a durable metal belt type nonstep variable-speed trans- 
mission. 

10 Description of the Related Art 

r0O021 In a metal belt type nonstep variable-speed transmission Including a drive pulley, a driven pulley and an 
endless metal belt formed by engaging blocks with a layered ring formed by radially superposing thin metal rings, and 
e* ^ 

» ply in a necessary tension for power transmission. When the nonstep ^^'^P^^^" * * 

the thin metal rings, which are annular in an unloaded state, are stretched linearly between the drive and the dnVen 
pulley and par* of each thin metal ring in engagement with the drive and driven pulley are curved in radn of curare 
smaTer than the radius of a circle in which the thin metal ring are formed in an unloaded stat e Consequent* tensNe 
stress and compressive stress ere induced in the bent thin metal rings. A maximum tensile stress and 

20 compressive stress are induced in the outer surface farthest from the neutral plane of each thm metal nng [ and toe 
resurface farthest from the neutral pfcne of the same thin metal ring. Large stresses are 
opposite side edges at the intersections of the outer circumference and the side surfaces and at the of 
thelnnerd™^ 

[0003] To avoid shortening the life due to fatigue failure, a thin metal nng disclosed .n JP-B No. He. 6-6970 is shot 
25 peened or ro.led so that the thickness thereof decreases gradually from side portions toward the -*"^"»* 
xo a residual compressive stress in the side parts of the thin metal ring is greater than that in other of the arn, 
[0004] When the nonstep variable-speed transmission is in operation, tensile stress ^at varies accord ng to Uie 
position on a running path is induced in addrtion to the tensite and compressive stress that are .nduced m thettin metal 
ring when the same is bent. «f the side edges of the thin metal ring touch the pulley, a largeness rs ^^nte 
ao side edges. Nothing Is taken into consideration in the prior art thin metal ring about the Induction of such a stress in 
the side edges of the thin metal ring and. therefore, the durability of the prior art thin metal ring was not as high as 



SUMMARY OF THE INVENTION 

[0005] Accordingly, it is an object of the present invention to provide an improved, sufficiently durable thin metal ring 

S a drive pulley and a driven pu.ley. the respective effects diameters of the drive and the «u.^ ^ng 
variable to change speed change ratio, said thin metal rings being layered to form layered nng structunas a plura Irty 
of blocks being arranged along and supported on the fcyered ring structures to form an endless metal be*, and the 
endless metal belt bJng extended between the drive and the driven pulley; wherein an edge at ^n «rsecUon of an 
outer side surface and an inner circumference of an innermost thin metal ring among the thin metal nngs^at w.» 
come into contact wfthaside surface ofapu^^ 

driven puPey is rounded in a round edge of a radius R of curvature, and the radius R of c urvature ^ er ™ in ^ ^ 
LaxrmurTtotal mund ed^estress obtained by adding up a cont^ 

thin metal ring in contact with the side surface of the pulley groove, a stress .nduced mX * e ™ n «^*J^^ n 
orce exerted on the innermost thin metal ring, and a bending stress induced in the round edge of the in n^M 
metal ring when the innermost thin metal ring is bent is equal to or smaller than a maxroum inner <*™™' e ^ 
stress obtained by adding up a contact stress induced in a part contiguous with the mner circumference of the 'nnerrnost 

r^neJLt thin metal ring and a bending stress induced in the part c^guous wKh th^ner 
the innermost thin metal ring. Thus, the induction of a large stress In the edge at the intersecdon of the , outa ^sHe 
surface and the inner circumference of the innermost ring due to contact between the edge and the srde surface of ihe 
pultoy groove can be avoided and the failure of the innermost thin meta, ring in a short penod of use can be ^ prevented. 
The innermost thin meta. ring does not need to be worxed by a rolling f^^^J^ h ^^^ 
quently. the innermost thin metal ring can be fabricated by a simple process .n a short process.ng ume at a tow cost. 
[0007] According to a second aspect of the present invention, thin metal rings for a nonstep vanable-speed trans- 
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mfcsion having a drive pulley and a driven pulley, the respective effective diameters of the drive and the MmpdV 
beta variable to change speed change ratio, said thin metal rings being layered to form layered nng struct™* a 
pS^tlocks b^infanWed along and supported on the layered ring structures to form an end ess ^ rn^belt 
and the endless metal belt being extended between the drive and the driven pulley; wherein an edge at the intersects 
-Sw»d an inner circumference of an innermost thin metal ring 

will come into contact with a side surface of a pulley groove of the drive pulley and a side surface o a puUey ^groove 
of the driven pulley is rounded in a round edge of a radius R of curvature, and the radius R curvato | » <^™ n * 
so thata round edge stress difference between a maximum and a minimum total round edge stress obtained by add ng 
up^ntact stresTinduced in the round edge of the innermost thin metal ring in contact with the ; a* . surface c > the 
pulley groove, a stress induced in the round edge by a tensile force exerted on the mnermos th n metal nng. end a 
bendteg stress Induced In the round edge of the innermost thin metal ring when the ^"-^^^JS 
is smaller than an inner circumference stress difference between a maximum and a minimum inner ^^^J^ 
^obtained by adding up a centactstress induced in a part comiguous with the inner c.mumference of the .nnermost 
m n rn^Mnq in contact wim an edge of the block, a stress induced in the part contiguous with the .nner circumference 
5 ^nnerrTt min Leta. ring aTa bending stress induced in the part contiguous ^^TlTe^ 
the innermost thin metal ring when the innermost thin metal ring is bent. Thus, the Thus, the induction of a large stress 

^rZ^de sur ^ of the P ul^ groove can be avoided and the failure of the inner^^ 

having a drive pulley and a driven pulley, the respective effective d.ameters of the drive and *^^ u '^ ^ 
variable to change speed change ratio, said thin metal rings being layered to form layered nng structun^, a pluralrty 
™M«*a being arranged along and supported on the layered ring structures to form an endless metel belt and the 
enSeTmetafbelt being extended between the drrve and the drrven pulley; wherein the edge at t^^ 
o ter side surface and the inner circumference of the innermost thin metal ring, that w,N come ,nto ^ « h the 
side surface of the pulley groove of the drive pulley and the side surface of the pulley groove of the dnven pulley Is 
^dedTa rndedge^a radius R of culture, and me radius R of curvature is determined »M*r»»**£ 
Sgue stress determined from a maximum and a minium total round edge stress obtained by add,n up >a contact 
stress induced in the round edge of the innermost thin metal ring in contact with the s.de surface of ^the pulley groovy 
a st^s Induced in the round edge by a tensile force exerted on the Innermost thin metal ring, and a bending stress 
ndtS n the^und edge of the innermost thin metal ring when the Innermost thin metal ring te bent 
smaller than an inner circumference fatigue stress determined from a maximum a^nimum T"^^ 
total stress obtained by adding up a contact stress induced in a part cont.guous wrth the inner « rcumfe ^ ° f * e 
nnentoTthin metal ring In contact with an edge of the block, a stress Induced in the part contiguous wrth the nne 
Serence of the innermost thin metal ring and a bending stress induced in the part contiguous wrth « he inner 
circumference of the innermost thin metal ring. Thus, the fatigue failure of the round edge of the innermost th,n metal 
rinq can be avoided and the life of the innermost thin metal ring can be extended. frantmio 
S According to a fourth aspect of the present invention, thin metal rings for anonstep ^^^^ 
sion having a drive pulley and a driven pulley, the respective effective diameters of the drive and the dnven pulley to«g 
variable to change speed change ratio, said thin metal rings being layered to form layered nng stores • pluralrty 
7Z*b being arranged along and supported on the layered ring structures to form an endless metal belt and he 
endleTrnVtal^ 

outor^urface and the inner circumference of the innermost thin metal ring among the th.n metal nngs, that w.ll 

of the driven pulley Is rounded in a round edge of a radius R of curvature, and the radius R of curvature ^^Ined 
so that a contact^ corrected stress difference (o aW - (W ♦ o^) calculated by adding a round ed^ stiess 
drtference oaHP between a maximum and a minimum total round edge stress obtained by adding up a contact stiess 

induced in the round edge by a tensile force exerted on the innermost thin metal ring, and a bend ng str ess Induced 
. nt^und edge of thXeTmost thin metal ring when the innermostthin metal ring tebent, and 1/3 of a mea ground 
adq sTress (o hp) equal to the mean of the maximum and the minimum total round edge stress is aqua) to or smelter 
ttananTnn^c^^ 

stre^ durance <cj between a maximum and a minimum inner circumference total stress obtained by adding upa 
^ctstxess induced inapart contiguous wim theinne^ 
* an edge of the block, a stress induced in the part contiguous with the inner arcumference of the mnermost ti™ metal 
ring and a bending stress induced In the part contiguous wrth the inner circumference of the innermost thtr , me* ring 
when the innermost thin metal ring is bent, and 1/3 of the mean fcja, 

cumference total stress ( W £0*). Thus, thefaiture of the round edge of the innermostthin metal nng that will come 
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MO comae with me side surface ol Ihe pulley groove due to fatigue stress can be prevented and the durability and 

oute^We surface and the Inner circumference of the Innermost thin metal ring among the thin metal rings that wra 
He Juoclac. with a side of a pulley groove of the drive pulley and a side of a pu« ley 9™* °f the J 
,o mended in a round edge of a radius R of curvature having the shape of a quarter of '***^J£f%££ 

—m^ar^^^ 

equal to the mean of the maximum and the minimum total round edge stress equal to, or smalle ^than_ an lnr«* 

*, indutL in the part contiguous with the inner circumference of the 
lodu^mth^artcon^ 

□mow duVto fattque stress can be prevented and the durability and reliability of the innermost thm metal nng can be 
enZSel^S 

« and the minimum total round edge stress is equal to or smallerthan an inner circumference corrected stress difference 
t , t ?l ^MnZ. ,n hner diLnrerem^resB difference between a maximum and a minimum inner arcumferenoe 

S be roofed Td the durability o> the Innermost thin metal ring can be improved because round edge that comes 
To^rn^^s^ 
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n h,r»m. oi blocks belnq arranged along and supported on the layered ring structures to term an endless metal belt 
andC ^e^mlTbeK Zg extended between the drive and the driven outlay; wherein a side surface of each 
and the endless mora re » intersection of the side surface and the inner circumference of the 

SS^n « na^ei*^ 
' - the oWcircumferanco of the thin metal ring is rounded in a " 

Hcun-ature different from the radius R,. When the round edge that comes MeM «lh tha £ the 

^an^oUhed^^ 
,o IS £~ ^d the circumten,nua, of me same regardless of changes in ><* <"° — - 

r5 luceV in the round edge of the Innermost thin metal ring when the round edge comes '"^^^^ 
surface the pulley groove of the drive or the driven pulley, and the mean of the maxfrnum and ft^<"™» 
a vTJ below a stress determined by the stress difference between a maximum and a minium combined 

SSl^Preferably the radius R. of curvature of the radially inner round edge of each thin metal ring is greater than 
'S, the respective radii R,' and R,- of curvature of the radial* inner and the radially outer ^nd edge 

BRIEF DESCRIPTION OF THE DRAWINGS 

moi 6] The above and other objects, features and advantages of the present invention^ will become more apparent 
Jrom tie following description taken in connection with the accompanying drawings, in which. 

Fig 1 tea diagrammatic view of a me*l belt type nonstep variable-^ 
meta belt irJuTg thin metal rings in a preferred embodiment according to the presen . r^enbon, 
Fio 2 is a schematic side elevation of a wrapping connector driving mechan«m shown m Rg.1p 
F^afr^ 

■ ■ ■„ o- 



anism shown In Rg. 2; 
Fig. 4 is a front elevation of a metal block; 
Fio 5 is a longitudinal sectional view taken on line V-V in Rg. 4; 

3- . .. . i . j-„ t-L-R « n lino VI.VI In Fin i 



rig. a is a portguuuinai " A 

Fio 6 is a tonoltudlnal sectional view taken on line VI-VI in Fig. 4; 

Fig' jt a dSln^dc vie* et assfctence In explaining tensifc force that acte on an Innermost thin meta. ring 
included in the endless metal belt shown in Rg. 3; ^ — aa-tofitm- 

Ra 8 is a araph of assistance in explaining the relation between tensile forces and fnction coefficients 

Fig. 1 1 is diagram showing the distribution of internal stress in the outer circumference of the innermost thin metal 

Rg 9, 12 is a fragmentary longitudinal sectional view of the endless metal belt; 
Fig! 13 is an enlarged, fragmentary, cross-sectional view of the endless metal belt; 
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" jl? 7. enlarged, fragment, cross-sectional view of the innermost thTn metal ring Included in'thin metal 

rings in a third embodiment according to the present invents; 

Fia 19 is a table tabulating stresses that are induced in the innermost th.n metal ring, 

!£. ! £ matetnl^ Interna. «£» difference (o..) and contact par, correct stress dlttarenca (a . w ) are 
equal. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

r0017l A thin metal ring in a first embodiment according to the present invention will be described with reference to 
ean *7 - ^ mova^Te Z = * biased toward the fixed part 7 by fluid pressura applied to an o,l chamber 9_ A dnven 

than the radius ^ of curvature of the outer round edge 30,0 of the same_ be rotatabte 

raoi 91 A forward drive gear 1 6 and a reverse drive gear 1 7 are mounted on the dnven shaft TO so as 10 oe 

t ^oZe™l forward drive gear 1 6 and the reverse drive gear 1 7 are engaged with and disengaged ft em 
T^^T^!^bZJ^ 18. An output shaft 19 is extended in parallel to the driven shaft 10. A 

19 is driven tor forward rotation through the forward driven gear 20 by »^^ d ™ |^ J^eS drit ^ear 

T to LOW, the electronic control unit U, gives a oontrol signal to the hydraulic control unff U, to increase th ,** 
orLuro in the oil chamber 14 ol the driven pulley 11 and to decrease the fluid pressure In the oil I chamber 9 of ttro 
dn^p^6C^^ 

in the oil chamber 14 of the driven pulley 1 1 and to increase the flu.d pressure in the o.l chamber 9 of the dnve pulley 
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6 Consequently, the effective diameter Dr* of the driven pulley 1 1 decreases continuously and the effective diameter 
DoR increases continuously, so that the speed change ratio of the metal belt type nonstep variable-speed transm.ss.on 

Jowl] S St^e^t^ be Induced In the thin metal ring 30 will be explained. When the layered ring structures 31 
^re-dtended between the drive pulley 6 and the driven pulley 11 and the drive pulley 6 is driven for drckw.se 
as shown in Rg. 2, a tensile stress T, is induced in one straight side of each layered ring structure 31 extend, ng between 
the drive pulley 6 and the driven pulley 11 and a tensile stress T 2 k induced in the other straight s.de o < 
ring structure 31. The tensile stresses T, andT 2 are measured by a method mentioned '^P'A No H^10^. 
r00221 When the endless metal belt 15 formed by inserting the pair of layered nng structures 31 .n the slots 32a of 
the metal blocks 32 is extended between the drive pulley 6 and the driven pulley 1 1 , a tensile force drff erence AT, acts 
on the innermost thin metal ring 30,. 

AT^tnte-IHIIATaM 

where AT., = (T, -T 2 y2,^ Is friction coefficient ratio (pWuss). Ussm 's the friction coefficient between the metal block 
32 and the thin metal ring 30, uss is the friction coefficient between the thin metal rings 30 and n .s the number of the 

[owsT TeferringTo^Rg. 0 ? showing a simple model of an endless metal belt having three thin metal rings, tensile force 
differences AT that contribute to tension change are: 

AT 3 = F 3 = u. ss N 
AT 2 = F 2 - F 3 = u ss N 
AT 1 =F 1 -F 2 = 3n SSM N-2n ss N 
[00241 Thus, AT, is different from AT 2 and AT 3 . 

AT|/AT 2 = (3U-SSM N - ZUssNyUssN = (3^,* " 2U-ssVM-SS 
[0025] Therefore, when the number of the thin metal rings is n, 

AT l /AT 3 = {nm^ - (n - l)m s N}/u^N = {nu^, - (n - DmW^ss 

- nS - {n - 1) - n(l - 1) + 1 < x > 

[00261 The tensile force difference AT* in the entire layered ring structure 31 Is: 

AT 4il = AT X + AT 2 + ... ♦ AT n - (n - 1)AT 2 + AT, 
= (n - 1)AT 2 + {n(| - 1) + 1>AT 2 - n^AT 2 

[0027] Therefore, 

AT 2 = ^^AT al < 2 > 
[0028] By substituting Expression (2) into Expression (1), 
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AT^tn^-IJ + iyn^, ( 3 ) 



[0029] Fig. 8 shows the relation be tween W&T* and uWM*s when n = 12 calculated * u ^^™^ 
^ between the thin metal rings 30 determined through experiments were about 0.1 and about 0.05, respectively. 



Thus, Ussn/iiss 3 S= 2 0 r ,„ , 

[0031 ] The value of AT, was calculated by using these values and Expression (3) 

AT^/AT^ = (12 + 1)/12 X 2 = 13/24 = 0.54 



[0032J From Rg. B, 

AT 1 /AT a]J = 0.5 



[0033] Thus,about50%ofthetensileforced^^^ 

Shin metal ring 30, . The mean tensi.e force T, + T 2 in the in nermost thin metal ring 30, is determined. From me mean 
tensile force difference T, - T 2 and the mean tensile force T, + T 2 , the maximum tens le stress Og , = .TjB x12xAXt 
in the innermost thin metal ring 30 t moving from the drive pulley 6 toward the driven pulley 11 andth "**^"*» 
stress or, = TV2X 1 2xAxt in the innermost thin metal ring 30, moving from the dnven pulley 1 1 toward the drive pulley 
6 where A is the width and t is the thickness of the thin metal ring 30, are determined. 

[io34] Fig. 9 is graph showing the distribution of tensile stress ^ in a middle part with respect to thbkness of the 
Innermost thin mettl ring 30,. in wheh the tenglh of the innermost thin metal ring 30, * ^^^^^ 
axte and the stress in the middle part of the innermost thin metal ring 30, .s measured on the vertica axis (tennte 
stress and compressive stress are measured upward and downward from the horizon** ax* i»P-*™W- 
graph shown in Fig. 9, the difference between the maximum and the minimum stress Is 2a a , where o a Is stress drffer- 
ence, and the mean of the maximum and the minimum stress is the mean stress ^ 
[0035] Thethinmetalrings30areinadmleofa^ 

6 and the driven pulley 11 and are in an unloaded state. When the thin metal rings 30 are extended between , the drive 
pulley 6 and the driven pulley 11 , parts of the Innermost thin meal ring 30, wound around the drive pulley 6 and me 
Snven pulley 1 1 are curved in arcs of circles of radii R RD and Rdn . respectively, and parts of the innermost thm mrtri 
rinn 30, extending between the drive pulley 6 and the driven pulley 11 are stretched straight. Consequently bend^g 
— C=1t { (1/R DR ) - (1/Ro)} and <L - Et { (1/R DN ) - (l/Rtf (plus sign indues tensile stress and m nus sfcn 
fndLescr P reJLs^^^ 

belt 30, wound aroundthe drive pulley Band a part c^Ug^ 

ringso wound around the driven pulley 11 , respectively. A bending stress Oy, = Et(1/R^ * induced «n apart^lguous 
wrm the outer circumference of the Innermost thin metal ring 30, extending between the drive pulley 6 and the driven 

ES 11 Fig. 10 shows the variation of the stress induced in the part contiguous with the outer ^ntferenee of me 
nnermostthin metal ring 30, along the length of me innermost thin metal ring 30,. In the graph shown In Fig. 10^ dotted 
toZSLm the sum of addition of o, and in me part wound around the drive pulley 6 the sum of add-on of 
or and ^ in me part wound around the driven pulley 1 1 , the remainder of subtraction of oy, from m the straight 
part and me remainder of subtraction of Oy, from otl in me straight part, respectively. 

[0*7] Rg. 11 shows me variation of me stress Induced In me part contiguous with the ^[^^ ^ 
nnermost thin metal ring 30, along me length of the Innermost thin metal ring 30, . In the graph shown in Fig. 11^ dotted 

puney 6, me remainder of subtraction of (compressive stress) from ^ in me part wound around me dnven puUey 
11 , the sum of addition of oy, and o™ In me straight part, and the sum of addition of o v , and op. in the straight part, 

[S^hown in Fig. 11,the stressor 

pulley 11 drops sharply because the rear edge 32c of the inner side surface 32b of the slot 32a of the metal bk*k 32 
bites the inneVcircumference 30 1a of the Innermost thin metal ring 30, as shown in Fig. 12 and a large, local contact 

foo^r Ad'escription will be made of contact stress that will be induced in a contact part 30, r of me inner round edge 
30, d when the Inner round edge 30, d comes into contact with a side surface 27 of the pulley groove. When the Inner 
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mundedgea^havingamdius R, ^^^^^^^^^^^^Z 
aroundthe contact part 30p Is expressed by the following expression called Hertz tonnula. 



o HP = {Q^-iRi(i-v 2 2 )i 1A! <5) 

« inHi.r#>H in the Dart contiguous with the inner circumference 30 1a of 
[0040] RgM1 shows the vanatwn of the stress mduced in the pari conoguo 15 sno ws tne variation of 

.o^r*;^ 

[0041] Generally, .he fatigue strength o^ a , *etal Is re a ed wi J£» on corrected , nternal 

and a minimum stress, and the mean stress o„. The fatigue strengm 
stress difference o„. expressed by: 

o.. = o. + o m /3 < 6 ' 

,00421 Conected contact suess difference o. w in the contact par, of the inr»rmun< I edge 30„ o, the Innermost 
Seta ung 30, in contact w*h me side surface 27 of the pulley groove « expressed by. 

O.W = °«HP + °".HP /3 "' 

(0M 3, Tab ,e 1 sjown in Hg. ^XSTXCS^X^^^X^ 

methods similar to those mentioned above. compressive stresses are 

[0044, The internal stresses in the mnermost fen me a, ^ the mean pu»ey contact 

combined to determine pulley cental stresses ^'^"^^^^S ofTho innermostth.n metal ring 
stress o mHP and the contact part corrected stress difference c^p) In the _contaci pan o 

30, in contact with the ^'^^^^^^^^^ tne contact part corrected stress 
- rOO^S, *gM6 shows values o^^^ 
difference c. n *tordH^ 

5 
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U the inner round edge 30 td of a part of the innermost thin metal ring 30 1 wound round the pulley is in local contact 
with the side surface 27 of the pulley groove, the contact part corrected stress difference a a . HP increases. Therefore, 

30 d « 

-[O^TT-^^^b^din^trthe-start of fatigue failure from the inner round edge 30 d ^^nwmj^- ~ 
metel ring 30^ can be avoided when the radius R 1 of curvature of the inner round edge 30 td of the innermost thin metal 
rinq 30. is 0.04 mm or above and the ratio R,/t = 2/9. „ r 

rodU The radius Ft of curvature of the outer round edge 30 le of the innermost thin metal ring 30, is smaller than 
heradius R, of curvature of the inner round edge 30 1d of the same as shown in Fkj. 1* ™* ' J 
forfinrshingtheouterroundedg^^^ 

;r, e Tt^ 

nnermost thin metal ring 30 t . are mechanically ground to form the inner and the outer round edge. As shown in Fig. 

bevel surfaces may be flntehed by barrel finishing so that a part of the beve surface .that win 
the side surface 27 of the pulley groove is rounded in a round edge of a radius R + of about 0.04 mm The thin metel 
Z^SEw baL. fishing has a fatigue stiength similar to that of the innermost thin mete, nn, ,3 
aforesaid embodiment Since the radially inner and the radially outer edge of the thin metal nng 30 are chamfered, 

time for ban-el finishing can be greatly reduced. 

[00501 Since the radial* inner and the radially outer edge of the thin metal nng 30 are chamfered, the height h o 
he pin of the round edge that wi.l come into contact wKh the side surface 27 of ^^^J^J^I 
circumference can be easily increased. Therefore, the radius R. of curvature of the part that w,ll come nto contact wrth 
tlTside surface 27 of the pulley groove may be smaller than the radius R„ so that time for barrel finishing can be 

[iSl ^n^e edge at the intersection of the inner circumference 30 la and the side surface 30, ol -the inne^ost 
thin metal ring 30, may be chambered in a large bevel surface as shown in Fig. 18 to increase the height h of the round 
edgeToid^ 

which is effective in further extending the fatigue life of the round edge 30,* 

r0052l Table 2 shown in Fig. 20 tabulates values of the corrected internal stress drff erence a a - and the contact part 
Sed ^ d^ence Z„ p in the Innermost thin metal ring 30, for different values of the height h. Fig. 21 M. a 
Tn^o—inlng^ 

ttTpulley groove for me height h to make o aW = a*. When the height h of the contact part, ».e the roun 

thTrm^cTrcumlerence 30 1a is increased, the radius R of curvature of the round edge 30 1d may be reduced, 

obviously many changes and variation are possible themm 

^practiced oti^rwlse than as specifteaDy described herein without departing from the scope 

[00541 Thin metal rings for a nonstep variable-speed transmission including a dnve pulley and a dnven pulley havmg 

Se effective diameters to change speed ^ ratio. The thin metal rir^ are layered to f» 

lures a plurality of blocks are arranged along and supported on the layered ring structures to form an endless me^ 

beTaL the endless metal belt is extended between tine drive and the driven pulley. A rad.ally inner edge at the 

ints^iontf^ 

rings is rouruiedinamund edge otarad^ 

totaTround edge stress obtained by adding up a contact stress Induced in the round edge of the nnermost thin metel 
rina in contect^ith the side surface of the pulley groove, a stress induced in the round edge by a tens.le force exerted 
h~o^ 

the innermost thin metel ring is bent is equal to or smaller than a maximum inner drcumference ote^e* ^obtained 
by adding up a contact stress induced in a part contiguous wtth the inner drcumference of the 'nnermost tern metal 
ring in coma* with an edge of the block, a stress induced in the part conti guous wrth the ™' «^n» ° *° 
innermost thin metal ring and a bending stress induced in the part contiguous wrth the .nner circumference of the 
Innermost thin metal ring. 



1 . Thin metel rings for a nonstep variable-speed transmission having a drive pulley and a driven pultey, respective 
effective diameters of the drive and the driven pulley being variable to change speed change ratio, sari thin metel 
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rinqs being layered to form layered ring structures, a plurality of blocks being arranged along and supported on 
the layered ring structures to form an endless metal belt, and the endless metal belt being extended between the 
drive and the driven pulley; 

wherein a radially inner edge at an intersection of an outer side surface and an inner circumference of an 

iSnermoTttfiin metal -ringarnong the thin metal ringsrthat will come into contact with a side^surfaceora pulley 

groove of the drive pulley and a side surface of a pulley groove of the driven pulley is rounded in a round edge of 
a radius R of curvature, and the radius H of curvature is determined so that a maximum total round edge stress 
obtained by adding up a contact stress Induced In the round edge of the innermost thin metal ring in contact with 
the side surface of the pulley groove, a stress induced in the round edge by a tensile force exerted on the innermos 
thin metal ring, and a bending stress induced in the round edge of the innermost thin metal ring when the innermost 
thin metal ring is bent is equal to or smaller than a maximum inner circumference total stress obtained by adding 
up a contact stress Induced in a part contiguous with the Inner circumference of the Innermost thin metal ring In 
contact with an edge of the block, a stress induced in the part contiguous with the inner circumference of the 
innermost thin metal ring and a bending stress induced in the part contiguous with the inner circumference of the 
innermost thin metal ring. 

2 Thin metal rings for a nonstep variable-speed transmission having a drive pulley and a drivon pulley, the respective 
effective diameters of the drive and the driven pulley being variable to change speed change ratio, said thin metal 
rings being layered to form layered ring structures, a plurality of blocks being arranged along and supported on 
the layered ring structures to form an endless metal belt, and the endless metal belt being extended between the 
drive and the driven pulley; 

wherein an edge at the intersection of an outer side surface and an inner circumference of an innermost thin 
metal ring among the thin metal rings, that will come into contact with a side surface of a pulley groove of the drive 
pulley and a side surface of a pulley groove of the driven pulley is rounded in a round edge of a radius R of curvature, 
and the radius R of curvature is determined so that a round edge stress difference between a maximum and a 
minimum total round edge stress obtained by adding up a contact stress induced in the round edge of the Innermost 
thin metal ring In contact with the side surface of the pulley groove, a stress induced in the round edge by a tensite 
force exerted on the innermost thin metal ring, and a bending stress induced in the round edge of the innermost 
thin metal ring when the innermost thin metal ring is bent is smaller than an inner circumference stress difference 
between a maximum and a minimum Inner circumference total stress obtained by adding up a contact stress 
Induced In a part contiguous with the Inner circumference of the Innermost thin metal ring In contact with an edge 
of the block, a stress induced in the part contiguous with the inner circumference of the innermost thin metsd nng 
and a bending stress induced in the part contiguous with the inner circumference of the innermost thin metal nng 
when the Innermost thin metal ring is bent. 

3 Thin metal rings for a nonstep variable-speed transmission having a drive pulley and a driven pulley, the respective 
effective diameters of the drive and the driven pulley being variable to change speed change ratio, sad thin metal 
rings being layered to form layered ring structures, a plurality of blocks being arranged along and supported on 
the layered ring structures to form an endless metal belt, and the endless metal belt being extended between the 
drive and the driven pulley; 

wherein an edge at the intersection of an outer side surface and an inner circumference of an innermost thin 
metal ring among the thin metal rings, that will come into contact with the side surface of the pulley groove of the 
drive pulley and the side surface of the pulley groove of the driven pulley is rounded in a round edge of a radius 
R of curvature, and the radius R of curvature is determined so that a round edge fatigue stress determined from 
a maximum and a minimum total round edge stress obtained by adding up a contact stress Induced in *e round 
edge of the innermost thin metal ring in contact with the side surface of the pulley groove, a stress induced .n the 
round edge by a tensile force exerted on the innermost thin metal ring, and a bending stress induced in the round 
edge of the Innermost thin metal ring when the innermost thin metal ring is bent Is equal to or smaller than an inner 
circumference fatigue stress determined from a maximum and a minimum in ner circumference total stress obtained 
by adding up a contact stress induced in a part contiguous with the inner circumference of the innermost thin meta 
ring in contact with an edge of the block, a stress induced in the part contiguous with the inner circumference of 
the innermost thin metal ring and a bending stress induced In the part contiguous with the inner circumference of 
the Innermost thin metal ring. 

4. Thin metal rings for a nonstep variabk«peed transmission having a drive pulley and a driven puBey, 

effective diameters of the drive and the driven pulley being variable to change speed change ratio, said thin metal 
rings being layered to form layered ring structures, a plurality of blocks being arranged along and supported on the 
layered ring structures to form an endless metal belt, and the endless metal belt being extended between the dnve 
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^ ""r'Sa at an intern of an outer side surface and an inner circunrfer ence of an inr^osl .thin 
metalT™ ^ me thin metal rings, that will come into contact with a side surface of a pulley groove of the dnve 

~ arxilheradTusl^^^ 

calculated by adding a round edge stress difference oaHP between a maximum and a ^' mu ^ n ^ n n ^ 
stress obtained by adding up a contact stress induced in the round edge of the innermost th.n metal nng n contact 
w^esWesurfaLofmep 

TnZ^X bending s'tress induced in the round edge of the innermost thin metal nng when the ,nn = t 

^.nngsbentand^^ 

total rc*nd edge stress is equalto or 

catenated by adding an Inner circumference stress deference «,.) between a maximum ^ a ^^ 

ferenco totei stress obtained by adding up a contact stress induced in a part contiguous wth the inner circumference 

cT^nn^^in metal ring in conlact wrth an edge of the block, astress induced in the part c™^"^ 

^eUmferenc^ 

circumference of the Innermost thin metal ring when the Innermost thin metal ring Is bent, and 1 /3 of the mean (o^) 
of the maximum and the minimum inner circumference total stress (o a . HP ^ o a -)- 

5. The thin metal rings according to daim 4, wherein the radius R of curvature ot the round edge of the Innermost 
thin metal ring is determined so that a condition: 

y > 1 .5379X 4 - 3.8442X 3 + 3.5636X 2 - 1.5713x + 0.3725 

where x - hA h Is height of a contact part of the side ot the innermost thin metal ring that will come into contact 
w^heslde^ 

of the Innermost thin metal ring and y = RA. Is satisfied. 

6 Thin metal rings for a ncnstep variable-speed transmission having a drive pulley and a driven P u, ^°^^ 
eflectivediam^ereo^ 

rings bemg layered to form layered ring structures, a plurality of blocks bemg '^f^^^SZ^Z 
the fcyered ring structures to form an endless metal heft, and the endless metal belt bemg extended between the 

^er^^^^^ 

metaling among\he thin metal rings, that will come into contact wrth a side of a pulley groove of the dnve pulley 
ante sfdeTa pu ley groove of the^nven pulley is rounded in a round edge of a radius n*"^ 1 ™^ 
ha£ ofa quarter or I cylinder, and the radius R determined so that a ^^^^J^Z 
canted by adding a round edge stress difference between a maximum and a minium total round edge stress 
obSned by addingup a contact stress induced in the round edge of the innermost th.n metaJnng 
thTside surface ol the pulley groove, a stress induced in the round edge by a tensile force exerted on the nnermos 
^^^mM^S^Mic^ in the round edge of the Innermost thin metal ring when the innermost 

o£. round e^ge stress equal to or smallerthan an inner ^^"^^^e^^ 
by adding an inner circumference stress difference between a max^um and ^ZTnTf^r^o^l 
Zess obtained by adding up a contact stress Induced In the part contiguous with the inner crcumf ertmce of the 
fr^oTrirunMal ring in contact with an edge of the block, a stress induced in the part contiguous with the mner 

circumference of the innermost thin metal ring when the innermost th.n metal ring is bent, and ™" 0 
STmrtnum and the minimum inner circumference total stress. Thus the failure 

most thin metal ring that will come into contact with the side surface of the pulley groove due to fatigue stress can 
be prevented and the durability and reliability of the innermost thin metal ring can be greatly improved. 

7 Thinmetalringsforanonstepvariable-speedtransmlsslonhavlngadr^ 

ringing layered to form layered ring structures, a plurality of blocks being ananged atong M£«£*£?£ 
the layered ring structures to form an endless metal belt, and the endless metal bert being extended between the 

^e^ 
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metal ring among the thin metal rings, that will come into contact with a side surface of a pulley groove of the drive 
pulley and a side surface of a pulley groove of the driven pulley is chamfered in a bevel surface at an angle greater 
than an groove angle (a) of the pulley groove and the bevel surface is merged smoothly into the outer side surface 
of the innermost thin metal ring by a round edge of a radius R of curvature that comes Into contact with the side 

_„ £0rfaceof Wpulleyl^ooveTand the radiusR is determined so that a contact part conected stress di^ 

calculated by adding a round edge stress difference between a maximum and a minimum total round edge stress 
obtained by adding up a contact stress induced in the round edge of the innermost thin metal ring in contact with 
the side surface of the pulley groove, a stress Induced In the round edge by a tensile force exerted on the Innermost 
thin metal ring, and a bending stress induced in the round edge of the innermost thin metal ring when the innermost 
io thin metal ring is bent, and 1/3 of a mean round edge stress equal to the mean of the maximum and the minimum 

total round edge stress is equal to or smaller than an Inner circumference corrected stress difference calculated 
by adding an inner circumference stress difference between a maximum and a minimum Inner circumference total 
stress obtained by adding up a contact stress induced in the part contiguous with the inner circumference of the 
innermost thin metal ring in contact with an edge of the block, a stress induced in the part contiguous wrth the inner 
15 circumference of the innermost thin metal ring and a bending stress Induced In the part contiguous with the inner 

circumference of the Innermost thin metal ring when the innermost thin metal ring is bent, and 1/3 of the mean of 
the maximum and the minimum inner circumference total stress. 

8. Thin metal rings for a nonstep variable-speed transmission having e drive pulley and a driven pulley, the respective 
20 effective diameters of the drive and the driven pulley being variable to change speed change ratio, said thin metal 

rings being layered to form layered ring structures, a plurality of btocks being arranged along and supported on 
the layered ring structures to form an endless metal belt, and the endless metal belt being extended between the 
drive and the driven pulley; ^ 

wherein a side surface of each thin metal ring has a middle flat part, an edge at the intersection of the side 
25 surface and an inner circumference of the thin metal ring is rounded in a round edge of a radius Ri of curvature 

and an edge at the intersection of the side surface and an outer circumference of the thin metal ring is rounded in 
a round edge of a radius Ra of curvature different from the radius R v 

9. Thin metal rings for a nonstep variable-speed transmission having a drive pulley and a driven pulley, the respective 
x effective diameters of the drive and the driven pulley being variable to change speed change ratio, said thin metal 

rings being layered to form layered ring structures, a plurality of blocks being arranged along and supported on 
the layered ring structures to form an endless metal belt, and the endless metal belt being extended between the 
drive and the driven pulley; t . _ 

wherein a side surface of each thin metal ring has a middle flat part, an edge at the Intersection of the side 
35 surface and an inner circumference of the thin metal ring is rounded in a radially inner round edge of a radius R, 

of curvature and an edge at the intersection of the side surface and an outer circumference of the thin metal nng 
is rounded in a radially outer round edge of a radius Ra of curvature different from the radius R 1( the radius R 1 of 
curvature of the radially inner round edge of the thin metal ring meets a condition: 

Fyt > 2/9. where t is the thickness of the thin metal ring, when the groove angle (a) of the pulley groove is 
40 in the range of 6° to 11*. 

1 0 Thin metal rings for a nonstep variable-speed transmission having a drive pulley and a driven pulley, the respective 
effective diameters of the drive and the driven pulley being variable to change speed change ratio, said thin metal 
rings being layered to form layered ring structures, a plurality of blocks being arranged along and supported on 

45 the layered ring structures to form an endless metal belt, and the endless metal belt being extended between the 

drive and the driven pulley; 

wherein a side surface of each thin metal ring has a middle flat part, an edge at the intersection of the side 
surface and an inner circumference of the thin metal ring is rounded in a radially Inner round edge of a radius R, 
of curvature and an edge at the Intersection of the side surface and an outer circumference of the thin metal ring 

so is rounded in a radially outer round edge of a radius Ra of curvature different from the radius R, . the radius R t of 

curvature of the radially inner round edge of each thin metal ring is greater than the radius Ra of curvature of the 
radially outer round edge of the same thin metal ring. 

11 . Thin metal rings for a nonstep variable-speed transmission having a drive pulley and a driven pulley, the respective 
55 effective diameters of the drive and the driven pulley being variable to change speed change ratio, said thin metal 

rings being layered to form layered ring structures, a plurality of blocks being arranged along and supported on 
the layered ring structures to form an endless metal belt, and the endless metal belt being extended between the 
drive and the driven pulley; 
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wherein a side surface of each thin metal ring has a middle flat part, an edge at the Intersection of the side 
surface and an inner circumference of the thin metal ring is rounded in a radialfy inner round edge of a radius R t 
of curvature and an edge at the intersection of the side surface and an outer circumference of the thin metal nng 
is rounded in a radially outer round edge of a radius F± of curvature different from the radius R v respective radii 

5 r~ 1 and Ro' of curvature of the radially inner and the radially outer round edge of the innermost thin metal ring are. 

equal to or greater than the respective radii Pi, and R 2 of curvature of the radially inner and the radially outer round 
edge of the thin metal rings other than the innermost thin metal ring, respectively. 
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Fig.7 
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Fig.9 




Straight Bent part wrapping Straight 
part around the drive pulley part 



Bent part Straight 
wrapping part 
around the 
driven pulley 



21 

03/20/2004, EAST Version: 1.4.1 



EP1 130 283 A2 



Fig. 10 




Straight Bent part wrapping Straight 
part around the drive pulley Part 



Bent part Straight 
wrapping part 
around the 
driven pulley 



22 

03/20/2004, EAST Version: 1.4.1 



EP 1 130 283 A2 



Fig. 11 
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Fig.15 
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USE - The" thin metal rings~are used "for" a me"taI~BfeTtr type 
nonstep 

variable-speed transmission. 

ADVANTAGE - The induction of a large stress in the edges of 
the innermost metal 

ring is avoided, preventing failure of the innermost ring 
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Ring circumferences 30a, 30b 

Side surface 30c 

Rounded edges 30d, 30e 

Metal block 32 

Innermost ring radii of curvature Rl, R2 
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